W T Mabusela) 11. Abstract 12. Artemisia afra (Jacq. Ex. Willd), is an indigenous plant in South Africa and other parts of the 13. African continent, where it is used as traditional medicine mostly for respiratory 14. conditions. The objective of this study was to investigate the structural features of the 15. polysaccharides from the leaves of this plant, as well as the biological activities of the 16. polysaccharide fractions against the complement assay. Leaves of Artemisia afra were 17. extracted sequentially with organic solvents (dichloromethane and methanol), 50% 18. aqueous ethanol, and water at 50 and 100 °C respectively. The polysaccharide extracts 19. were fractionated by ion exchange chromatography and the resulting fractions were 20. tested for biological activity against the complement fixation assay. Active fractions were 21. further fractionated using gel filtration. Monosaccharide compositions and linkage
74. Prior to the extraction of the polysaccharides, the plant material was extracted with 75. organic solvents to remove lipophilic and low molecular weight substances. This was 76. performed in a Soxhlet apparatus, successively with dichloromethane and methanol. The 77. residue was then subjected to extraction with 50% ethanol in water, followed by 78. extraction with water at 50 o C and finally water of 100 o C. The 50% ethanol extract was 79. first evaporated to remove all ethanol present, and then filtered to remove material not 80. soluble in water. This extract was then treated in the same way as the two water extracts 81. described below. All fractions were subjected to ultrafiltration using a PALL suspended 82. screen channel Ultrasett with cut off 5 kD. The high molecular weight fractions were then 83. applied onto an anion exchange column, ANX Sepharose 4 Fast Flow, 5x20 cm, in chloride 84. form. The neutral polysaccharides were eluted with distilled water, and the acidic ones 85. with a NaCl-gradient, 0-1.5 M NaCl. The eluent flow was 2 ml/min. Fractions of 10 ml were 86. collected in a Pharmacia LKB SuperFrac fraction collector, and they were monitored for the 87. content of carbohydrate by the phenol-sulfuric acid method (Dubois et al., 1956 ). The 88. fractions were pooled, dialyzed using a cut-off of 3500D, against distilled water in order to 89. remove NaCl and then freeze-dried. All fractions were tested for bioactivity using the 90. complement assay described below. The fractions that proved to be bioactive were all 91. further fractionated by gel filtration using a Sephacryl S-200 matrix, Pharmacia Fine 92. Chemicals, 3x70cm. The eluent was 0.3 M sodium acetate; elution speed 1 ml/min and 93. fractions of 5 ml were collected and tested with the phenol-sulfuric acid method as 94. described above. Relevant fractions were pooled, dialysed against a cut off of 3500D, 95. freeze-dried and analysed for bioactivity using the complement assay. All fractions 96. obtained after gel filtration were objects for more detailed structural and bioactivity 97. studies. 257. extraction of the plant material, the effect on the complement assay was the measure 258. by which fractions were selected for further studies. It was found that the biological 259. activities of the selected fractions were higher than those of the standard used ( Fig.3) , 260. and after purification using gel filtration the activity was still relatively high compared to 261. both the standard and other polysaccharides previously studied in our laboratory thus 262. far.
2.3. Determination of the monosaccharide composition
263. 267. Fig 3 shows that the fraction 50W and 100W1, after gel filtration were slightly more 268. active than 50%EtOH, and 100W2, and were still more active than the standard used. It 269. is also interesting to note that the EtOH and 50W fractions both lost activity after gel 270. filtration. This shows that it is not only the highest molecular weight compounds that 271. are active, lower molecular weight (but still higher than 3,5kD) water soluble 272. compounds are also of interest to investigate, but these were not the object of the 285. compared to the standard, while the 100W2 is very low in activity (Fig. 4) . The 286. monosaccharide composition of the fractions obtained after enzyme degradation is 287. given in Table. Table 2 , linkage analyses, and 306. Figure 3 , the Yariv test, where this fraction gave no precipitation. Several other studies 307. have shown that the AGII structure is important for the effect in the complement assay, 308. and the structural requirements have been discussed above (Wangensteen et al, 2015) .
309. It should also be noted that the polysaccharides present in the leaves of Artemisia 310. princeps also have strong effects in the complement system (Yamada et al. 1985 (Yamada et al. , 1986 311. These studies on the polysaccharides from Artemisia afra clearly show that the water-312. soluble fraction of this plant contains biologically active polysaccharides, and that these 313. have an effect that may be of importance in immune modulation.
4 Conclusion
315. Artemisia afra is a plant with several traditional uses as a medicinal plant in South 316. Africa, and some of these uses may influence the immune system. As the healers mainly 317. use water extracts, the polysaccharides present in the water extract of the aboveground 318. plant part were studied. The studies revealed the presence of pectin like 319. polysaccharides with side chains consisting of arabinogalactan type II structures. Three 320. of the polymers, 50%EtOH, 50W and 100W1 all contained substitution with xylose on 321. parts of the polygalacturonan chain, which is probably important for the bioactivity. The
322. polysaccharides were all tested in the complement assay for immunomodulating 323. properties, and 4 fractions were obtained giving significant effect in the in vitro 324. complement assay, thus indicating that the use of this plant as a remedy in traditional 325. African medicine may be substantiated.
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